Origanum vulgare subsp. hirtum (Link) Ietswaart is an essential oil rich plant traditionally used as oregano. Based on the interest of the essential oil producing sector, in 2000 we have started a breeding program of O. vulgare subsp. hirtum. Plant material for our breeding work consists of 6 progeny. Individual evaluation of the plant material was carried out in 2008-2009 with the primary aim of finding mother plants with appropriate morphological features, high essential oil content (>7%) and with carvacrol as the main essential oil component. Among the survey of morphological characteristics special attention was given to glandular hair density in order to test the usability of it as a morphological marker for screening progeny for high essential oil content. The characteristics of the progeny can be described with high variability ensuring the possibility of a good selection base. Evaluating the morphology, essential oil content and constitution of the individuals, 20 plants were selected on the grounds of their high (7-8.6%) essential oil content, high ratio (70-93%) of carvacrol in the essential oil and typical morphological features of O. vulgare subsp. hirtum. From the results of glandular hair density it can be stated that the correlation between glandular hair density of the upper, middle and lower leaves either on vegetative or generative shoots and essential oil content was never strong enough (correlation coefficient ≤ 0.5) to use it exclusively as a morphological marker for individual selection.
Glandular trichomes are widely distributed over the aerial organs of the plants of Lamiaceae. These special trichomes are secretory organs producing and secreting essential oil, which contribute largely to the importance of Lamiaceae species and their cultivars [1] . The scientific background for glandular hairs has been extensively studied by several groups. Despite numerous publications, many details of their distribution influenced by environmental stimuli, as well as the genetic backgrounds of glandular trichome development remain obscure.
A series of previous reports on the relationship between glandular hair density and the secondary metabolites accumulated within the trichomes of different species are available. A positive correlation was found between the number of glandular hairs on the leaves and bracts and the content of cannabinoids in some varieties of hemp [2] . Clery and Ross [3] proposed a simple and fast method for recording glandular hair density. Following their method and testing it with a population genetic approach Novak and Franz [4] found that glandular hair density can be used only in preselection for essential oil content when screening Majorana hortensis progeny. Maffei et al. [5] counted the trichome density of Mentha viridis using scanning electron microscopy (SEM) on randomly collected leaves with different sizes. According to the authors, there was a clear correlation between the number of trichomes and the qualitative and quantitative characteristics of the oil produced. In the case of different chemotypes of Origanum vulgare the density of peltate hairs apparently was correlated with the total essential oil content [6] . According to Copetta et al. [7] , colonization of arbuscular mycorrhizal (AM) fungi increased the essential oil content of Ocimum basilicum, and this was associated with a significantly larger number of peltate glandular trichomes. In another study, Kapoor et al. [8] NPC Natural Product Communications 2010 Vol. 5 No. 9 1437 -1440 demonstrated that the glandular trichome density on leaves of Artemisia annua increased after AM fungal inoculation. A highly positive linear correlation between glandular hair density on leaf and shoot and artemisinin concentration (r 2 =0.985) was observed.
Differences in conclusions concerning the correlation between glandular hair density and secondary metabolites may originate from the different methodological approaches to the mentioned experiments. Also, the difference between the species from this point of view is at present unknown.
The progeny are characterized by a high variability ensuring the possibility of a good selection base. Evaluating the morphology, essential oil content and constitution of the 330 individuals available, 20 plants were selected on the grounds of their high (7-8.6%) essential oil content, high ratio (70-93%) of carvacrol in the essential oil, and typical morphological features of O. vulgare subsp. hirtum. Two additional positively selected individuals had either a medium or high thymol ratio (18% and 61%) in their essential oil, but with similarly high oil content (>7%) (Figure 1 ). On the basis of the essential oil chemistry, the breeding material of O. vulgare subsp. hirtum belongs to the 'cymyl' type [9, 10] .
Glandular hair density was evaluated based on the data of 180 disks from different leaf surfaces. All data on glandular hair density were correlated with the essential oil content of the corresponding individual. Table 1 shows the correlation coefficients calculated for the data pooled according to the different leaf surfaces, positions of leaf, and phenophase of shoots. In general, glandular hair density correlates with essential oil content with higher probability on vegetative shoots. Comparing the different positions of leaves on the shoots, the correlation coefficient is always bigger in the case of younger (upper) leaves. Differences in correlations depending on the position of the epidermis on the leaves show that the relationship is stronger between the gland density of adaxial surfaces and the essential oil content, especially for vegetative shoots. Concerning the results of glandular hair density it can be stated that the correlation between glandular hair density of upper, middle and lower leaves, either on vegetative or generative shoots, and essential oil content is never strong enough to use it exclusively as a morphological marker for individual selection (Table 1 ). Tendencies in glandular hair density were also evaluated ( Table 2 ). Average glandular hair density depends on the phenophase of shoots (vegetative/generative), on the age of the leaf (upper/middle/lower), and on the surface examined (adaxial/ abaxial). Higher density was measured on generative shoots, and taking into account the high number of repetitions of shoots studied, the data suggest that the decrease in the number of glands parallels leaf expansion. Higher glandular hair density was measured on younger (upper) leaves, and on the adaxial surfaces of Origanum leaves in harmony with previous literature [11] .
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Morphological evaluation:
All morphological characteristics were recorded and evaluated according to the scientifically recognized taxonomic description of the genus Origanum [12] . The number of individuals in the 6 progeny varied from 49-63, adding up to 330 individuals.
Sampling for glandular hair density and essential oil measurements:
Fifteen individuals from each of 6 progeny were sampled at the vegetative (just before flowering) and generative (full flowering) phases by cutting 2 shoots/phenophase from each individual. After harvest, the shoots were stored as herbarium samples. Disks were cut from the same position of each leaf to exclude the influence of an uneven density of glands. Disks of unit area (7.068 mm 2 ) were cut from the lower, middle and upper leaves (1 disk/leaf) of vegetative and generative shoots, taking a picture of both abaxial and adaxial surfaces, which were digitally saved for glandular hair counting.
For essential oil hydrodistillation, all shoots were harvested individually at full flowering phenophase for the 330 individuals.
Isolation of the essential oil: Ten g of each individual dried plant material was hydrodistilled using a Clevenger type apparatus for 2 h in 2 replications. The volatile oil samples were stored in sealed vials under refrigeration prior to analysis.
Gas chromatography: GC analyses were carried out using an Agilent Technologies 6890 N instrument equipped with HP-5 and HP-5MS capillary columns (5% phenyl, 95% dimethyl polysiloxane, length: 30 m, id: 250 µm, film thickness: 0.25 µm), programmed as follows: initial temperature 60°C, then by a rate of 3°C/min up to 240°C; the final temperature was kept for 5 min; injector and detector temperatures:250°C, carrier gas: helium; (constant flow rate 1mL/min); split ratio: 30:1.
Mass spectrometric analysis:
GC-MS analyses were carried out using an Agilent Technologies 6890 N GC equipped with an Agilent Technologies MS 5975 detector, according to the parameters presented above. Ionization energy was 70eV. The MS were recorded in full scan mode that revealed the total ion current (TIC) chromatograms. A mixture of aliphatic hydrocarbons in n-hexane was injected under the above mentioned temperature program to calculate the linear retention indices using the generalized equation of Van den Dool and Kratz [13] . The MS and linear retention indices (LRI) were compared with those of commercial (NIST) and home-made library MS built up from data obtained from pure compounds.
